Propagation of Love waves in a transversely isotropic poroelastic layer bounded between two compressible viscous liquids is presented. The equations of motion in a transversely isotropic poroelastic solid are formulated in the framework of Biot's theory. A closed-form solution for the propagation of Love waves is obtained in a transversely isotropic poroelastic layer. The complex frequency equation for phase velocity and attenuation of Love waves is derived for a transversely isotropic poroelastic layer when it is bounded between two viscous liquids and the results are compared with that of the poroelastic layer. The effect of viscous liquids on the propagation of Love waves is discussed. It is observed that the presence of viscous liquids decreases phase velocity in both transversely isotropic poroelastic layer and poroelastic layer. Results related to the case without viscous liquids have been compared with some of the earlier results and comparison shows good agreement.
Introduction
Deresiewicz [1] [2] discussed propagation of elastic waves in non-dissipative porous solid. A study on propagation of Love waves in a compressible viscous liquid layer bounded between an elastic layer and homogeneous isotropic elastic half-space was done by Bhangar [3] . Phase velocity, group velocity, quality factor (Q) and displacement in the elastic layer and half space have been computed as a function of the frequency for various values of the ratio of thickness to coefficient of viscosity. It is shown that Love waves are not attenuated when the ratio takes the values zero and infinity. Also, the quality factor attains minimum value as a function of dimensionless angular frequency that the ratio is not equal to zero or infinity. Two dimensional wave propagation in a viscous liquid layer bounded between two poroelastic half-spaces was investigated by Nageswara Nath et al. [4] . Three types of bonding, i.e. welded interface, smooth interface and loosely bonded interface, are considered. The frequency equation of the interfacial waves for each of the above three types of bonding for infinite wavelength is obtained and it is observed that the frequency equation is independent of the nature of bonding. Love wave propagation in the elastic layered waveguide loaded with a viscous Newtonian liquid on the surface is investigated by Kiełczynski et.al. [5] . Love wave amplitude distribution as a function of depth has been determined. It was observed that for a viscous liquid loading, the amplitude of the wave changed with depth in an oscillatory way, and decayed to zero. The effect of gravity on propagation of Love waves in a fluid-saturated porous layer bounded above by a rigid boundary and below by an elastic half-space under gravity has been discussed by Anjana et al. [6] . It is observed that there is a significant effect of gravity, porosity and anisotropy simultaneously in the propagation of Love waves. The phase velocity of Love wave is less in the gravitating medium in comparison to that of non-gravitating medium.
Wang and Zhang [7] studied Love wave propagation transversely isotropic poroelastic layered half-space. The frequency equation for the phase velocity and attenuation is solved using an iterative method. It is shown that the solution depends upon a parameter involving the critical frequency and the thickness of the layer. The attenuation vanishes at extreme values of frequency i.e. at zero frequency or infinite frequency. The effect of viscosity on propagation of Love waves in a fluid loaded transversely isotropic poroelastic layered half-space was studied by Nageswarnath et al. [8] . Phase velocity of Love waves is more for higher values of coefficients of viscosity in case of fluid loaded transversely isotropic poroelastic layered half-space. Attenuation is more for lower values of frequency and it is steady with an increase in viscosity. Also, the phase velocity is highest when two solids are transversely poroelastic and it is lowest when two solids are just poroelastic. Nageswaranath et al. [9] discussed propagation of Love waves in viscous liquid layer bounded between poroelastic layer and half-space which was transversely isotropic. It is observed that there is no influence of coefficient of viscosity of liquid layer on phase velocity when the liquid layer is bounded between poroelastic layer and half-space. Kundu et al. [10] investigated the effect of initial stress on Love waves propagating in a homogeneous layer over a porous half-space with irregular boundary. It is observed that propagation of Love wave is influenced by initial stress parameters, corrugation 
Basic Equations, Formulation and Solution of the Problem
Consider a rectangular co-ordinate system (x, y, z) with x and y axes taken as horizontal and z-axis as positive downwards normal to the plane. Propagation of waves is taken as two-dimensional (i.e. propagation in xz-plane) along the x di- 
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The physical meaning of other parameters A, N, Q, R, F, L, M and C are given
where P is a poroelastic constant given by respectively. These displacements are functions of x, z and time t. Then the equations of motion of transversely isotropic poroelastic solid by Biot [11] that is Equation (1) .
We assume the propagation mode shapes of solid and liquid y u and y U are ( 
where t is time, ω is circular frequency, k is wave number and i is the complex unity.
Substitution of Equation (4) 
From the second equation of (5), we get
Substitution of Equation (7) into the first equation of (5) we obtain, .
In Equation (9), V 3 is shear wave velocity as in Biot [11] .
On simplification, Equation (8) 
Following Equations (2) and (11), the only non-zero stress can be obtained as
From Equation (4), it can be shown that the normal strains of solid and liquid are zero, hence the dilatations of solid and liquid media vanish. Since the dilatations of solid and liquid are zero, the liquid pressure s developed in the solid-liquid aggregate following Equation (2) is zero. Thus, no distinction is made between a pervious and an impervious surface of the solid in case of Love waves.
In the absence of body forces, the equations of motion [1] for viscous com- 
where l l l α η ρ = is the kinematic viscosity.
Solution of Equation (14) can be written as 
Frequency Equation
For contact between the poroelastic layer and the viscous liquids, we assume that the stresses and displacement components are continuous at the interfaces z = 0 and z = h. 
On simplification Equation (18) reduces to
Equation ( 
On simplification of Equation (21), we obtain the frequency ω as
Here ω represents frequency of Love waves in a transversely isotropic poroelastic layer when it is free from two viscous liquids.
Numerical Work
Frequency Equations ( 
Conclusions
A study of propagation of Love waves in an infinite poroelastic layer bounded by viscous liquids leads to the following conclusions:
1) Presence of upper and lower viscous liquids decreases phase velocity of Love waves for both transversely isotropic poroelastic layer and poroelastic layer.
2) Phase velocity of Love waves is more in transversely isotropic poroelastic layer than in poroelastic layer when they are bounded between viscous liquids as well as when they are free from viscous liquids. In both cases phase velocity decreases gradually.
3) Phase velocity of Love waves in transversely isotropic poroelastic layer is very much higher than that of poroelastic layer when they are in contact with lower viscous liquid.
4) Attenuation in transversely isotropic poroelastic layer when it is bounded
by viscous liquids is more when compared to the case of poroelastic layer bounded by viscous liquids. In both the cases, attenuation increases as phase velocity and wave number increase.
